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$ ' '&7 KDUGZDUH FRGHF EDVHG RQ /RHIIOHU DOJRULWKP 
, 0DUWLãLXV ' %LUYLQVNDV 9 -XVDV ä 7DPRãHYLþLXV 
6RIWZDUH (QJLQHHULQJ 'HSDUWPHQW .DXQDV 8QLYHUVLW\ RI 7HFKQRORJ\ 
6WXGHQWǐ 6W 00 .DXQDV /LWKXDQLD 




'LJLWDO SLFWXUH DQG YLGHR DSSOLFDWLRQV DUH EHFRPLQJ 
D LQVHSDUDEOH SDUW RI RXU HYHU\GD\ OLYHV 6WLOO LPDJH DQG 
YLGHR GHYLFHV VXFK DV FHOO SKRQHV DQG FDPHUDV UHO\ RQ 
FRGHFV FRGHUV DQG GHFRGHUV IRU LPDJH FRGLQJ 
SURFHVVLQJ DQG FRPSUHVVLRQ 7KHVH FRGHFV PXVW PHHW WKH 
HYHUJURZLQJ GHPDQGV IRU SRZHU GLVVLSDWLRQ DQG 
RSHUDWLRQ VSHHG &XUUHQWO\ WKH PRVW SRSXODU VWDQGDUGV RI 
FRPSUHVVLRQ DUH -3(* IRU LPDJH 03(*1   DQG 
+ IRU YLGHR >1@ $OO RI WKHVH VWDQGDUGV XVH WKH GLVFUHWH 
FRVLQH WUDQVIRUP '&7 DQG WKH LQYHUVH GLVFUHWH FRVLQH 
WUDQVIRUP ,'&7 DV D EDVLV RI WKHLU RSHUDWLRQ '&7 DQG 
WKH ,'&7 DUH VRPH RI WKH PRVW FRPSXWDWLRQDOO\ LQWHQVLYH 
EORFNV WKHUHIRUH FUHDWLQJ SHUIRUPDQFH ERWWOHQHFNV LQ 
SLFWXUH DQG YLGHR GDWD FRPSUHVVLRQ DOJRULWKPV >@ 7KH 
FRPSXWDWLRQDO FRPSOH[LW\ RI WKH '&7 LQ WKH FRGHU 
VXUSDVVHV WKDQ RI DQ\ RWKHU XQLW FRQVXPLQJ 1 RI WKH 
WRWDO FRPSXWDWLRQV > @ 7KH ,'&7 DOVR LQFXUV WKH 
ODUJHVW FRPSXWDWLRQDO FRVW LQ WKH GHFRGHU 7KH FRPSOH[LW\ 
RI WKHVH V\VWHPV OHDGV WR ODUJH SRZHU GLVVLSDWLRQ DQG D 
IDVW ORVVOHVV \HW HQHUJ\ HIILFLHQW KDUGZDUH FRGHF LV 
UHTXLUHG  ,PSOHPHQWLQJ '&7,'&7 DV DQ $6,& LV D 
GHVLJQ VROXWLRQ ZKLFK PHHWV WKH UHDO WLPH SURFHVVLQJ 
UHTXLUHPHQWV >@  
6LQFH LW
V LQWURGXFWLRQ QXPHURXV IDVW DOJRULWKPV 
KDYH EHHQ SURSRVHG WR FDOFXODWH WKH '&7 DQG ,'&7 7KLV 
SDSHU IRFXVHV RQ WKH IDVW /RHIIOHU DOJRULWKP DQG LW
V 
KDUGZDUH DSSOLFDWLRQV  
 
'LVFUHWH FRVLQH WUDQVIRUP 
 
7KH '&7 WUDQVIRUPV GDWD IURP WKH VSDWLDO GRPDLQ WR 
WKH VSDWLDO IUHTXHQF\ GRPDLQ ,W GHFRUUHODWHV WKH LPDJH 
GDWD ZKLFK LV W\SLFDOO\ KLJKO\ FRUUHODWHG IRU VPDOO DUHDV 
RI WKH LPDJH +HDY\ FRUUHODWLRQ SURYLGHV PXFK UHGXQGDQW 
LQIRUPDWLRQ ZKHUHDV MXVW D IHZ SLHFHV RI XQFRUUHODWHG 
LQIRUPDWLRQ FDQ UHSUHVHQW WKH VDPH GDWD PXFK PRUH 
HIILFLHQWO\ 7KURXJK WKH '&7 WUDQVIRUP WKH HQHUJ\ RI DQ 
LPDJH VDPSOH LV SDFNHG LQWR MXVW D IHZ VSDWLDO IUHTXHQF\ 
FRHIILFLHQWV 7KH '&7 W\SLFDOO\ RSHUDWHV RQ [ SL[HO 
EORFNV RI LPDJH GDWD )RU DQ 1[1 EORFN RI VDPSOHV 
[PQ WKH WZR GLPHQVLRQDO ' '&7 DQG ,'&7 DUH 
IRUPXODWHG LQ  
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10  D ĮM   1 IRU M  0 7KH VWUDLJKWIRUZDUG 
LPSOHPHQWDWLRQV RI '&7 DQG ,'&7 UHTXLUH 1 
PXOWLSOLFDWLRQV IRU DQ 1[1 EORFN VR WKH\ DUH UDUHO\ 
LPSOHPHQWHG LQ KDUGZDUH >@  
%HVLGH WKDW FRPSXWDWLRQ RI '&7,'&7 QHHG 
IORDWLQJSRLQW PXOWLSOLFDWLRQV ZKLFK LV VORZ ERWK LQ 
KDUGZDUH DQG LQ VRIWZDUH LPSOHPHQWDWLRQV 7R DFKLHYH 
EHWWHU RSHUDWLQJ VSHHGV FRHIILFLHQWV FDQ EH VFDOHG DQG 
DSSUR[LPDWHG E\ LQWHJHUV VR WKDW IORDWLQJSRLQW 
PXOWLSOLFDWLRQV FDQ EH UHSODFHG E\ LQWHJHU PXOWLSOLFDWLRQV 
'&7 DQG ,'&7 DUH KLJKO\ FRPSXWDWLRQDO LQWHQVLYH 
ZKLFK FUHDWHV SUHUHTXLVLWHV IRU SHUIRUPDQFH ERWWOHQHFNV 
LQ V\VWHPV XWLOL]LQJ WKHP 7R RYHUFRPH WKLV SUREOHP D 
QXPEHU RI DOJRULWKPV KDYH EHHQ SURSRVHG IRU PRUH 
HIILFLHQW FRPSXWDWLRQV RI WKHVH WUDQVIRUPV  
7KH PHDVXUH RI DOJRULWKP HIIHFWLYHQHVV LV WKH 
QXPEHU RI PDWKHPDWLFDO RSHUDWLRQV QHHGHG WR SHUIRUP LW 
7KH QXPEHU RI PXOWLSOLFDWLRQV LV H[WUHPHO\ LPSRUWDQW 
VLQFH LW LV D UHODWLYHO\ FRPSOH[ DQG SRZHU FRQVXPLQJ 
RSHUDWLRQ WR EH SHUIRUPHG LQ KDUGZDUH 7KH QXPEHU RI 
FRPSXWDWLRQV FDQ EH UHGXFHG IURP 1 WR 1ORJ1 XVLQJ IDVW '&7 DOJRULWKPV 0DQ\ RQHGLPHQVLRQDO DOJRULWKPV 
ZHUH SXEOLVKHG RYHU WKH \HDUV IRU 1 GDWD SRLQWV ZKHUH 1 
  P P   >  @ 7KHVH DOJRULWKPV DUH EDVHG RQ WKH 
VSDUVH IDFWRUL]DWLRQV RI WKH '&7 PDWUL[ DQG PDQ\ RI 
WKHP DUH UHFXUVLYH 7KH WKHRUHWLFDO ORZHU ERXQG RQ WKH 
QXPEHU RI PXOWLSOLFDWLRQV UHTXLUHG IRU 1' SRLQW '&7 
KDV SURYHQ WR EH 11 ,Q WKLV VHQVH WKH PHWKRG SURSRVHG 
E\ /RHIIOHU ZLWK 11 PXOWLSOLFDWLRQV DQG  DGGLWLRQV LV 
WKH PRVW HIILFLHQW VROXWLRQ 7KDW¶V ZK\ LW ZDV FKRVHQ IRU 
WKLV LPSOHPHQWDWLRQ 
/RHIIOHU DOJRULWKP LV FRPELQHG RXW RI VWDJHV 7KH 
VWDJHV RI WKH DOJRULWKP QXPEHUHG 1 WR  DUH SDUWV WKDW 
KDYH WR EH H[HFXWHG LQ VHULDO PRGH GXH WR WKH GDWD 
GHSHQGHQF\ ,Q VWDJH  WKH DOJRULWKP VSOLWV LQWR WZR 
SDUWV 2QH IRU WKH HYHQ FRHIILFLHQWV WKH RWKHU IRU WKH RGG 
  
RQHV 7KH HYHQ SDUW LV D  SRLQW '&7 DJDLQ VHSDUDWHG LQ 
HYHQ DQG RGG SDUWV LQ VWDJH  7KH URXQGLQJ EORFN LQ )LJ 
1 VLJQLILHV D PXOWLSOLFDWLRQ E\ D FRQVWDQW  
 
)LJ 1 SRLQW /RHIIOHU '&7 DOJRULWKP >@ 
 
(DFK VWDJH PXVW EH H[HFXWHG LQ VHULHV DQG FDQ QRW EH 
HYDOXDWHV LQ SDUDOOHO EHFDXVH RI GDWD GHSHQGHQFLHV 
+RZHYHU FDOFXODWLRQV LQVLGH RQH VWDJH FDQ EH 
SDUDOOHOL]HG :H FODULI\ WKH EXLOGLQJ EORFNV RI WKH 
DOJRULWKP LQ )LJ  
 
,0   20 20   ,0  ,1  
,1   21 21   ,0  ,1  
 
,0                   20  
,1                   21  
)LJ  7KH ³EXWWHUIO\´ DQG WKH URWDWLRQ EORFN ZLWK 
WKHLU DVVRFLDWHG HTXDWLRQV >@ 
 
7KH URWDWLRQ EORFN FDQ EH FDOFXODWHG XVLQJ  
PXOWLSOLFDWLRQV DQG  DGGLWLRQV LQVWHDG RI  
PXOWLSOLFDWLRQV DQG  DGGLWLRQV  
7KH WZR GLPHQVLRQDO '&7 WUDQVIRUP HTXDWLRQ 1 
FDQ EH H[SUHVVHG DV 
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7KLV SURSHUW\ NQRZQ DV VHSDUDELOLW\ KDV WKH 
DGYDQWDJH WKDW ' '&7 FDQ EH FRPSXWHG LQ WZR VWHSV E\ 
VXFFHVVLYH 1' RSHUDWLRQV RQ URZV DQG FROXPQV 7KH LGHD 
RI D VRFDOOHG URZFROXPQ DSSURDFK DQG LV JUDSKLFDOO\ 
LOOXVWUDWHG LQ )LJ  ,W LV WKH PRVW SRSXODU DSSURDFK IRU 
FRPSXWLQJ WKH ' '&7,'&7 ,W UHVXOW LQ VLPSOH UHJXODU 
LPSOHPHQWDWLRQV WKDW DUH OHVV FRPSXWDWLRQDOO\ HIILFLHQW 
WKDQ GLUHFW ' LPSOHPHQWDWLRQV 




$V ZH FDQ VHH IURP WKH JUDSK LQ )LJ 1 RQO\  
FRQVWDQW YDOXHV QHHG WR EH VWRUHG LQ WKH PHPRU\ IRU 
/RHIIOHU DOJRULWKP WR IXQFWLRQ   
7KH DOJRULWKP VLJQDOIORZ JUDSK )LJ 1 FDQ EH 
GLUHFWO\ WUDQVODWHG LQWR D KDUGZDUH LPSOHPHQWDWLRQ 
+RZHYHU LW VWLOO XVHV IORDWLQJSRLQW PXOWLSOLFDWLRQ ZKLFK 
LV WRR FRPSOH[ IRU KDUGZDUH 7KH ZRUNDURXQG IRU WKLV 
SUREOHP LV FRQVWDQW VFDOLQJ $OO FRQVWDQW FDQ EH 
PXOWLSOLHG E\ D IDFWRU RI  VR WKH IORDWLQJ SRLQW LV 
HOLPLQDWHG DQG WKH UHVXOWV DUH GLYLGHG DFFRUGLQJO\ ,Q 
KDUGZDUH DSSOLFDWLRQV WKLV NLQG RI PXOWLSOLFDWLRQ DQG 
GLYLVLRQ LV HDVLO\ GRQH E\ VKLIWLQJ ELWV OHIW RU ULJKW 7KH 
FKRLFH RI IL[HGSRLQW FRQVWDQWV LV DUELWUDU\ 8VLQJ PRUH 
ELWV JLYHV EHWWHU DFFXUDF\ EHFDXVH D PRUH H[DFW YDOXH RI 
WKH FRQVWDQW LV UHWDLQHG EXW ZLWK LQFUHDVHG ULVN RI 
RYHUIORZ DQG VXUSOXV KDUGZDUH UHJLVWHU ORJLF IRU VWRULQJ 
DQG SURFHVVLQJ GDWD  
7R PHDVXUH WKH TXDOLW\ RI FRGLQJ WKH SHDN VLJQDO
WRQRLVH UDWLR 3615 ZDV FDOFXODWHG ,W LV PRVW HDVLO\ 
GHILQHG YLD WKH PHDQ VTXDUHG HUURU 06( ZKLFK IRU WZR 
PîQ PRQRFKURPH LPDJHV , DQG . ZKHUH RQH RI WKH 
LPDJHV LV FRQVLGHUHG D QRLV\ DSSUR[LPDWLRQ RI WKH RWKHU 
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7KH 3615 LV GHILQHG DV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+HUH 0$;, LV WKH PD[LPXP SRVVLEOH SL[HO YDOXH RI WKH LPDJH :KHQ WKH SL[HOV DUH UHSUHVHQWHG XVLQJ  ELWV 
SHU VDPSOH WKLV LV  >10@ 7\SLFDO YDOXHV IRU WKH 3615 
LQ ORVV\ LPDJH DQG YLGHR FRPSUHVVLRQ DUH EHWZHHQ 0 DQG 
0 G% 
0DWKHPDWLFDO PRGHOOLQJ VKRZHG WKDW WKH EHVW FKRLFH 
IRU TXDOLW\ YV VL]H LV D FRQVWDQW OHQJWK RI 10 ELWV 7KH 
FRGHF XVLQJ 10 ELW FRQVWDQWV LV ORVV\ EHFDXVH RI IL[HG
SRLQW DULWKPHWLF :H VKRZ WKH GLIIHUHQW LPDJHV XVHG WR 
WHVW WKH DOJRULWKP )LJ  
 
/HQDEPS              &HOOEPS                 )UXLWEPS 
)LJ  7HVWLQJ LPDJHV 
 
 7KH 3615 PHDVXUHG IRU HDFK RI WKHP DUH VKRZQ LQ 
7DEOH 1 
 






8VLQJ D FRQVWDQW OHQJWK RI OHVV WKDQ 10 ELWV OHDGV WR 
D ORVV\ DOJRULWKP ZKLFK DGGV JURVV HUURUV LQ WKH 
HQFRGLQJ RI WKH LPDJH ZKLFK ZKHQ GHFRGHG VKRZ XS DV 
YLVLEOH UHOLFV LQ WKH SLFWXUH $OWKRXJK UHGXFLQJ FRQVWDQW 
ELW VL]H KDV D GRZQVLGH RI UHGXFLQJ LPDJH TXDOLW\ LW DOVR 
N[&Q 
  
JUHDWO\ UHGXFHV WKH DUHD DQG SRZHU FRQVXPSWLRQ RI WKH 
ILQLVKHG VFKHPDWLF WKHUH IRU LW PLJKW VWLOO EH XVHG LQ 
DSSOLFDWLRQV ZKHUH LPDJH TXDOLW\ LV D VHFRQGDU\ 
UHTXLUHPHQW DQG SRZHU GLVVLSDWLRQ LV D NH\ OLNH SRUWDEOH 




+DUGZDUH PRGHO RI ''&7 LV LPSOHPHQWHG XVLQJ 
9+'/ ODQJXDJH 7KH V\VWHP LV GLYLGHG LQWR WKH 
IROORZLQJ EORFNV x FRPSXWDWLRQ XQLW x GDWD EXIIHU x FRXQWHU x JHQHUDO FRQWURO XQLW 
7KHVH EORFNV DUH VKRZQ LQ )LJ   
 
 )LJ  7RS OHYHO VFKHPDWLF 
 
7KH FRPSXWDWLRQ XQLW SHUIRUPV RQH GLPHQVLRQDO 
'&7 RU ,'&7 RSHUDWLRQ 7KLV EORFN KDV D JHQHULF 
LQWHUIDFH VXLWDEOH IRU ERWK '&7 DQG ,'&7 DOJRULWKPV 
,QWHUIDFH KDV  GDWD LQSXW EXVHV DQG  RXWSXW GDWD EXVHV 
%HVLGH GDWD EXVHV WKH EORFN XVHV VWDUW DQG GRQH VLJQDOV 
IRU FRQWURO DQG GDWD IORZ VLPSOLILFDWLRQ 7KLV GHVLJQ 
DOORZV UHXVH RI DOO WKH V\VWHP FRPSRQHQWV IRU RWKHU '&7 
DQG ,'&7 FRPSXWDWLRQ DOJRULWKPV  
)RU HQFRGLQJ WKH V\VWHP FRPSXWHV D '&7 IRU D 
RQHGLPHQVLRQDO SRLQW LQSXW VHTXHQFH XVLQJ /RHIIOHU 
DOJRULWKP 7KLV DOJRULWKP LV GLUHFWO\ WUDQVODWHG IURP )LJ 
1 DQG DGDSWHG WR XVH IL[HGSRLQW DULWKPHWLF ZLWK 10 ELWV 
FRQVWDQW OHQJWK  
)RU GHFRGLQJ GDWD '&7 EORFN LV UHSODFHG ZLWK 
,'&7 ,QYHUVH WUDQVIRUP PD\ EH FRPSXWHG E\ H[HFXWLQJ 
WKH VWDJHV EDFNZDUGV $ FRGHF XVLQJ DQ\ RWKHU SRLQW 
1''&7,'&7 FRPSXWDWLRQ DOJRULWKP FDQ EH 
LPSOHPHQWHG YLD UHXVLQJ WKH FRPSRQHQWV RI WKLV V\VWHP 
'DWD EXIIHU LV WKH PRVW FRPSOH[ EORFN RI WKH 
V\VWHP ,W KDV  IXQFWLRQV  
1 ,QSXW DQG VWRULQJ DQ [ PDWUL[  
 2XWSXW OLQHV RI PDWUL[ WR '&7 SURFHVVRU DQG 
UHSODFH GDWD OLQHV ZLWK WKH UHVXOW 
 2XWSXW FROXPQV RI WKH PDWUL[ WR WKH '&7 
SURFHVVRU DQG UHSODFH GDWD OLQH ZLWK WKH UHVXOW 
 2XWSXW RI WKH GDWD PDWUL[ 
:KHQ 1''&7 SURFHVVRU FRPSXWHV D UHVXOW RI DQ\ 
JLYHQ SRLQW LQSXW VHTXHQFH WKH LQSXW GDWD LV QR ORQJHU 
QHHGHG DQG FDQ EH RYHUZULWWHQ ZLWK WKH FRPSXWDWLRQ 
UHVXOW 7KLV UHGXFHV PHPRU\ VL]H UHVXOWLQJ LQ VPDOOHU 
DUHD DQG SRZHU FRQVXPSWLRQ KRZHYHU WKLV PHWKRG 
LQFUHDVHV LQWHUFRQQHFW QHWZRUN 
*HQHUDO FRQWURO XQLW LV LPSOHPHQWHG DV D ILQLWH VWDWH 





:H VLPXODWHG 9+'/ UHJLVWHU WUDQVIHU OHYHO 57/ 
FRGH XVLQJ &DGHQFH VLPXODWLRQ DQG PRGHOOLQJ WRROV 
6\QWKHVLV ZDV SHUIRUPHG XVLQJ 6\QRSV\V WRROV 6LQFH ILOH 
IRUPDWV IRU ELQDU\ ILOHV UHDG E\ 9+'/ DUH QRW 
VWDQGDUGL]HG ZH XVHG D SUHSRVWSURFHVVRU WR FRQYHUW 
ELQDU\ LPDJHV ILOHV WR WH[W IRUPDW DQG YLFH YHUVD 
,PDJHV XVHG IRU WHVWLQJ ZKHUH WKH VDPH DV LQ 
PDWKHPDWLFDO PRGHOOLQJ 5HVXOWV RI V\QWKHVL]HG JDWH OHYHO 
FLUFXLW VLPXODWLRQ DUH VKRZQ LQ 7DEOH  
 






:H VKRZ GLIIHUHQFHV LQ 3615 IRU PDWKHPDWLFDO 
PRGHOOLQJ DQG JDWH OHYHO FLUFXLW PRGHOOLQJ RI HDFK LPDJH 
LQ )LJ  
 
)LJ  'LIIHUHQFH LQ 3615 
 
,PSOHPHQWDWLRQ LV DOVR SURYHQ WR ZRUN RQ )3*$ 
PDWULFHV $ ;LOLQ[ 6SDUWDQ$1 ZDV XVHG WR V\QWKHVL]H 
DQG WHVW WKH 57/ FRGH 8WLOL]DWLRQ VXPPDU\ IRU WKH 
GHYLFH LV VKRZQ LQ 7DEOH  
 
7DEOH  )3*$ GHYLFH XWLOL]DWLRQ 
/RJLF 8WLOL]DWLRQ 8VHG $YDLODEOH 8WLOL]DWLRQ 
6OLFH )OLS )ORSV   1 
 LQSXW /87V 0  10 
2FFXSLHG 6OLFHV 10 11 11 
%RQGHG ,2%V    







,Q WKLV SDSHU ZH UHSRUWHG D KDUGZDUH 
LPSOHPHQWDWLRQ VFKHPH DQG UHVXOWV RI D /RHIIOHU 
DOJRULWKP EDVHG ' GLVFUHWH FRVLQH WUDQVIRUP FRGHF 
7KLV FRGHF SHUIRUPV D IXOO ' '&7 HQFRGLQJ DQG ' 
,'&7 GHFRGLQJ ,W LV IXOO\ IXQFWLRQDO FDSDEOH RI EHLQJ 
XVHG LQ DQ\ KDUGZDUH FRGLQJ DOJRULWKP 7KH /RHIIOHU 
DOJRULWKP LV RQH RI WKH QHZHVW DQG PRVW HIIHFWLYH IDVW 
'&7 DOJRULWKPV IRU KDUGZDUH LPSOHPHQWDWLRQ ' 
'&7,'&7 ZDV FRPSXWHG E\ DSSO\LQJ 1' RSHUDWLRQV RQ 
PDWUL[ XVLQJ D URZFROXPQ DSSURDFK 0DWKHPDWLFDO DQG 
JDWHOHYHO PRGHOOLQJ RI WKH DOJRULWKP KDV VKRZQ WKDW 
IL[HGSRLQW DULWKPHWLF DQG FRQVWDQW DSSUR[LPDWLRQV DGG 
HUURUV WR WKH UHVXOWV RI WKH DOJRULWKP  
)RU D KDUGZDUH LPSOHPHQWDWLRQ DGGLWLRQDO GDWD 
EXIIHUV DQG FRQWURO ORJLF LV XVHG WR SHUIRUP ' 
WUDQVIRUPV 6LQFH KDUGZDUH LPSOHPHQWDWLRQ LV OHVV 
DFFXUDWH WKDQ PDWKHPDWLF PRGHOOLQJ PRUH HUURUV RFFXU LQ 
WKH FRPSXWDWLRQDO UHVXOWV +RZHYHU GLIIHUHQFHV DUH VPDOO 
DQG FDQQRW EH GLUHFWO\ REVHUYHG 7KLV FRGHF VKRXOG 
SURYLGH HQRXJK TXDOLW\ IRU ORZ UHVROXWLRQ LPDJH 




1 $WLWDOODK $ % .DGLRQLN 3 *KR]]L ) 1RXHO 
3 0DVPRXGL 1 0DUFKHJD\ 3  2SWLPL]DWLRQ DQG 
LPSOHPHQWDWLRQ RQ )3*$ RI WKH '&7,'&7 
DOJRULWKP ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ 
$FRXVWLFV  6SHHFK DQG 6LJQDO 3URFHVVLQJ ,&$663 
¶0 00 ± 3 ±1 
 %XNKDUL . = .X]PDQRY * . 9DVVLOLDGLV 6 
'&7 DQG ,'&7 LPSOHPHQWDWLRQV RQ GLIIHUHQW )3*$ 
WHFKQRORJLHV  3URFHHGLQJV RI WKH 1WK $QQXDO 
:RUNVKRS RQ &LUFXLWV 6\VWHPV DQG 6LJQDO 3URFHVVLQJ 
3UR5,6&¶0 9HOGKRYHQ 7KH 1HWKHUODQGV 
1RYHPEHU 00 ± 3 ± 
 %DUHLãD ( -XVDV 9 0RWLHMǌQDV . âHLQDXVNDV 5 
2Q WKH (QULFKPHQW RI )XQFWLRQDO 'HOD\ )DXOW 7HVWV  
,QIRUPDWLRQ 7HFKQRORJ\ DQG &RQWURO ± 1R  
00 ± 3 0±1 
 %DUHLãD ( %LHOLDXVNDV 3 -XVDV 9 7DUJDPDG]ơ  
$ 0RWLHMǌQDV / âHLQDXVNDV 5 )DFWRU RI 
5DQGRPQHVV LQ )XQFWLRQDO 'HOD\ 7HVW *HQHUDWLRQ IRU 
)XOO 6FDQ &LUFXLWV  (OHFWURQLFV DQG (OHFWULFDO 
(QJLQHHULQJ  .DXQDV 7HFKQRORJLMD 010 ± 1R 
10 ± 3 ± 
 1DUDVLPKD 0 - 3HWHUVRQ $ 0 2Q WKH 
FRPSXWDWLRQ RI WKH GLVFUHWH FRVLQH WUDQVIRUP  ,((( 
7UDQV &RPPXQ   1 ± 3 ± 
 &KHQ :+ 6PLWK & + )UDOLFN 6 $ )DVW 
&RPSXWDWLRQDO $OJRULWKP IRU WKH 'LVFUHWH &RVLQH 
7UDQVIRUP  ,((( 7UDQV RQ &RPPXQLFDWLRQV  6HS 
1 ± 3 100±100 
 %DUHLãD ( -XVDV 9 0RWLHMǌQDV . âHLQDXVNDV 5 
2Q WKH (QULFKPHQW RI 6WDWLF )XQFWLRQDO 7HVW  
(OHFWURQLFV DQG (OHFWULFDO (QJLQHHULQJ  .DXQDV 
7HFKQRORJLMD 00 ± 1R 1 ± 3 ±1 
 %DUHLãD ( -XVDV 9 0RWLHMǌQDV . âHLQDXVNDV 5 
7KH QRQVFDQ GHOD\ WHVW HQULFKPHQW EDVHG RQ UDQGRP 
JHQHUDWHG ORQJ WHVW VHTXHQFHV  ,QIRUPDWLRQ 
7HFKQRORJ\ DQG &RQWURO ± 1R  010 ± 3 1±
 
 /RHIIOHU & /LJKWHQEHUJ $ 0RVFK\W] * 6 
3UDFWLFDO IDVW 1' '&7 DOJRULWKPV ZLWK 11 
0XOWLSOLFDWLRQV  3URFHHGLQJV RI WKH ,QWHUQDWLRQDO 
&RQIHUHQFH RQ $FRXVWLFV 6SHHFK DQG 6LJQDO 
3URFHVVLQJ ,&$663 ¶ 1 ± 3 ±1 
10 $XJXVW 1 - 'RQJ 6DP +D  /RZ 3RZHU 
'HVLJQ RI '&7 DQG ,'&7 IRU /RZ %LW 5DWH 9LGHR 
&RGHFV  ,((( WUDQVDFWLRQV RQ PXOWLPHGLD YRO  1R 
 -XQH 00 ± 3 1± 
5HFHLYHG 01100 
 
, 0DUWLãLXV ' %LUYLQVNDV 9 -XVDV ä 7DPRãHYLþLXV ' '&7 NRGHNR UHDOL]DFLMD QDXGRMDQW /RHIIOHU DOJRULWPą  
(OHNWURQLND LU HOHNWURWHFKQLND  .DXQDV 7HFKQRORJLMD 011  1U   3 
6WUDLSVQ\MH DSUDãRPDV DSDUDWLQLV GYLPDWơV NRVLQXVLQơV WUDQVIRUPDFLMRV '&7 NRGHNR UHDOL]DFLMD âLV NRGHNDV DWOLHND SLOQą ' '&7 
NRGDYLPą LU GHNRGDYLPą ' ,'&7 -LV SLOQDL YHLNLDQWLV LU SULWDLNRPDV YLVXRVH DSDUDWLQLXRVH NRGDYLPR DOJRULWPXRVH /RHIIOHU 
DOJRULWPDV \UD YLHQDV HIHNW\YLDXVLǐ LU QDXMDXVLǐ JUHLWǐMǐ '&7 DOJRULWPǐ 'YLPDWơ '&7,'&7 VNDLþLXRMDPD SULWDLNDQW YLHQPDWơV 
'&7 DOJRULWPą HLOXþLǐ VWXOSHOLǐ PHWRGX $WOLHNDQW GYLPDWHV '&7 RSHUDFLMDV SDQDXGRMDPD SDSLOGRPD DWPLQWLV LU YDOG\PR ORJLND 
$SDUDWLQơV UHDOL]DFLMRV VNDLþLDYLPR WLNVOXPDV PDåHVQLV QHL PDWHPDWLQLR PRGHOLDYLPR WDþLDX ãLH VNLUWXPDL QHGLGHOL LU QHPDWRPL 
SOLND DNLPL ,O  OHQW  ELEO  OLHWXYLǐ NDOED VDQWUDXNRV OLHWXYLǐ LU DQJOǐ N 
 
, 0DUWLãLXV ' %LUYLQVNDV 9 -XVDV ä 7DPRãHYLþLXV $ ' '&7 KDUGZDUH FRGHF EDVHG RQ /RHIIOHU DOJRULWKP   (OHFWURQLFV 
DQG (OHFWULFDO (QJLQHHULQJ  .DXQDV 7HFKQRORJLMD 011 ± 10   3 
,Q WKLV SDSHU ZH UHSRUW D KDUGZDUH LPSOHPHQWDWLRQ VFKHPH DQG UHVXOWV RI D /RHIIOHU DOJRULWKP EDVHG ' GLVFUHWH FRVLQH WUDQVIRUP 
FRGHF 7KLV FRGHF SHUIRUPV D IXOO ' '&7 HQFRGLQJ DQG ' ,'&7 GHFRGLQJ ,W LV IXOO\ IXQFWLRQDO FDSDEOH RI EHLQJ XVHG LQ DQ\ 
KDUGZDUH FRGLQJ DOJRULWKP 7KH /RHIIOHU DOJRULWKP LV RQH RI WKH QHZHVW DQG PRVW HIIHFWLYH IDVW '&7 DOJRULWKPV IRU KDUGZDUH 
LPSOHPHQWDWLRQ ' '&7,'&7 ZDV FRPSXWHG E\ DSSO\LQJ 1' RSHUDWLRQV RQ PDWUL[ XVLQJ D URZFROXPQ DSSURDFK )RU D KDUGZDUH 
LPSOHPHQWDWLRQ DGGLWLRQDO GDWD EXIIHUV DQG FRQWURO ORJLF LV XVHG WR SHUIRUP ' WUDQVIRUPV 6LQFH KDUGZDUH LPSOHPHQWDWLRQ LV OHVV 
DFFXUDWH WKDQ PDWKHPDWLFDO PRGHOOLQJ PRUH HUURUV RFFXU LQ WKH FRPSXWDWLRQDO UHVXOWV +RZHYHU GLIIHUHQFHV DUH VPDOO DQG FDQQRW EH 
GLUHFWO\ REVHUYHG  ,OO  WDEO  UHI  (QJOLVK $EVWUDFWV LQ /LWKXDQLDQ DQG (QJOLVK 
 
$3$5$71Ơ '9,0$7Ơ6 '&7 ,5 ,'&7 5($/,=$&,-$ 1$8'2-$17 
%,1'&7 $/*25,70Ą 
'DULXV %LUYLQVNDV1 ,JQDV 0DUWLãLXV 
.DXQR WHFKQRORJLMRV XQLYHUVLWHWDV 3URJUDPǐ LQåLQHULMRV NDWHGUD 6WXGHQWǐ 0 ± 0 .DXQDV 
/LHWXYD 1EGDULXV#QNPOW LJQDVBPDUWLVLXV#LQER[FRP  
6DQWUDXND DEVWUDFW 6WUDLSVQ\MH DSUDãRPD DSDUDWLQơ GYLPDWơV NRVLQXVLQơV WUDQVIRUPDFLMRV '&7 
UHDOL]DFLMD âLV VNDLþLDYLPR PHWRGDV DWOLHND SLOQą ' '&7 NRGDYLPą LU GHNRGDYLPą ' ,'&7 
ƲUHQJLQ\MH QDXGRMDPDV %LQGFW DOJRULWPDV \UD YLHQDV HIHNW\YLDXVLǐ LU QDXMDXVLǐ JUHLWǐMǐ '&7 DOJRULWPǐ 
DSVNDLþLXRMDQWLV WUDQVIRUPDFLMą EH GDXJ\ERV YHLNVPǐ QDXGRMLPR 
5DNWLQLDL åRGåLDL '&7 ,'&7 %LQ'&7 WUDQVIRUPDFLMRV DSDUDWLQơ 
1 ƲåDQJD 
6NDLWPHQLQLV YDL]GR LU JDUVR DSGRURMLPDV WDPSD QHDWVNLULDPD NDVGLHQ\EơV GDOLPL âLXRV NRGDYLPXV YLV 
GDåQLDX DWOLHND PRELOǌV ƳUHQJLQLDL WRNLH NDLS IRWRDSDUDWDL NDPHURV PRELOLHML WHOHIRQDL 7RNLXRVH ƳUHQJLQLXRVH 
NRGDYLPXL DSGRURMLPXL LU VXVSDXGLPXL QDXGRMDPL NRGHNDL NRGDYLPR ± GHNRGDYLPR DOJRULWPDL âLH NRGHNDL 
WXUL DWLWLNWL YLV GLGơMDQþLXV JUHLWDYHLNRV LU JDOLRV VXYDUWRMLPR UHLNDODYLPXV âLXR PHWX SRSXOLDULDXVL YDL]GR 
VXVSDXGLPR VWDQGDUWDL \UD -3(*  SDYHLNVOơOLDPV EHL 03(*1 EHL + ± YLGHR LQIRUPDFLMDL 9LVL ãLH 
VWDQGDUWDL UHPLDVL GLVNUHþLąMD NRVLQXVLQH WUDQVIRUPDFLMD 'LVFUHWH &RVLQH 7UDQVIRUP '&7 EHL DWYLUNãWLQH '&7 
,'&7 '&7 EHL ,'&7 \UD VXGơWLQJLDXVL LU GDXJLDXVLDL VNDLþLDYLPǐ DWOLHNDQW\V EORNDL DOJRULWPH WRGơO QXR Mǐ 
JUHLWDYHLNRV SULNODXVR YLVR NRGDYLPR JUHLWLV >1@ 0DWHPDWLãNDL '&7 LU ,'&7 \UD SDW\V VXGơWLQJLDXVL DOJRULWPR 
EORNDV VXQDXGRMDQWLV DSLH 1 YLVǐ PDWHPDWLQLǐ VNDLþLDYLPǐ 'LGHOLV ãLǐ VLVWHPǐ VXGơWLQJXPDV OHPLD GLGHOƳ 
JDOLRV VXYDUWRMLPą WRGơO VLHNLDPD VXNXUWL JUHLWą NXR PDåLDX NRGXRMDPRV LQIRUPDFLMRV SUDUDQGDQWƳ WDþLDX WDXSǐ 
JDOLDL NRGHNą âLRV SUREOHPRV VSUHQGLPDV ± YLHQOXVWơ VLVWHPD DWLWLQNDQWL JDOLRV EHL JUHLþLR UHLNDODYLPXV  
 'LVNUHþLRML NRVLQXVLQơ WUDQVIRUPDFLMD  
'&7 \UD GDXJXPRV YDL]GLQơV LQIRUPDFLMRV VSDXGLPR DOJRULWPǐ SDJULQGDV .DGDQJL WDL YLVLãNDL 
JUƳåWDPD WUDQVIRUPDFLMD Mą JDOLPD QDXGRWL LU SUDUDQGDQþLRPV LU QHSUDUDQGDQþLRPV NRN\EơV VSDXGLPR 
WHFKQRORJLMRPV '&7 \UD \SDWLQJDV )XUMH WUDQVIRUPDFLMRV DWYHMLV NXU VLQXVLQơ GHGDPRML \UD SDãDOLQDPD 
9DL]GLQơV LQIRUPDFLMRV NRGDYLPH QDXGRMDPD GYLPDWơ ' GLVNUHþLRML NRVLQXVLQơ WUDQVIRUPDFLMD NXULRMH 
G\GåLǐ ƳYHUWLQLPDV Y\NVWD GX NDUWXV >1@ ' '&7 ƳơMLPDV \UD 1[1 YDL]GR WDãNǐ PDWULFD 3R WUDQVIRUPDFLMRV 
JDXQDPD 1[1 GDåQLǐ HUGYơV NRPSRQHQþLǐ PDWULFD 'YLPDWĊ WLHVLRJLQĊ LU DWYLUNãWLQĊ GLVNUHþLą NRVLQXVLQĊ 
WUDQVIRUPDFLMą JDOLPD DSUDã\WL ãLRPLV IRUPXOơPLV             ¹¸·©¨§¹¸·©¨§¦¦  11FRV11FRV 10 10 ʌOQʌNPQP[OĮNĮ1 ON< 1 Q 1 P   1             ¹¸·©¨§¹¸·©¨§¦¦  11FRV11FRV 10 10 ʌOQʌNPON<OĮNĮ1 QP[ 1 N 1 O   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10  Į  LU ĮM   1 NDL M  0 
'&7 DOJRULWPR HIHNW\YXPR PDWDV \UD GDXJ\ERV RSHUDFLMǐ VNDLþLXV 7LHVLRJLQơ '&7 UHDOL]DFLMD QDXGRMD 
1 GDXJ\ERV RSHUDFLMǐ 1[1 ƳYHGLPR EORNXL WRGơO \UD UHWDL QDXGRMDPD 'DXJXPD UHDOL]DFLMǐ QDXGRMD JUHLWXRVLXV 
DOJRULWPXV NXULH VXPDåLQD GDXJ\ERV RSHUDFLMǐ VNDLþLǐ LNL 1ORJ1 >@ âLH DOJRULWPDL SDJUHLWLQD '&7 
VXPDåLQGDPL DWOLHNDPǐ VNDLþLDYLPǐ NLHNƳ 
âLXR PHWX VXJDOYRWD GDXJ JUHLWǐMǐ YLHQPDWơV 1' WUDQVIRUPDFLMRV DOJRULWPǐ NXULH NRGXRMD 1 LOJLR 
VNDLþLǐ VHNą NXU 1   P P   0DWHPDWLãNDL ƳURG\WD NDG PDåLDXVLDV ƳPDQRPDV GDXJ\ERV RSHUDFLMǐ NHLNLV 
UHLNDOLQJDV  VNDLþLǐ VHNDL WUDQVIRUPXRWL \UD 11 >@ 7RNƳ VNDLþLǐ GDXJ\ERV RSHUDFLMǐ QDXGRMD & /RHIIOHU 
SDVLǌO\WDV DOJRULWPDV ODLNRPDV SDþLX HIHNW\YLDXVLX  
'YLPDWĊ WUDQVIRUPDFLMą JDOLPD DWOLNWL GX NDUWXV SULWDLNDQW YLHQPDWĊ '&7,'&7 WUDQVIRUPDFLMą 3LUPą 
NDUWD WUDQVIRUPDFLMD WDLNRPD ƳơMLPR EORNR HLOXWơPV DQWUD NDUWą ± VWXOSHOLDPV 7RNV VNDLþLDYLPR PHWRGDV 
YDGLQDPDV HLOXþLǐVWXOSHOLǐ PHWRGX LU SDVLå\PL OHQJYDL YDOGRPX GXRPHQǐ VUDXWX EHL SDSUDVWD VWUXNWǌUD WRGơO 
GDåQDL WDLNRPDV DSDUDWLQơVH UHDOL]DFLMRVH >1@  
 %LQ'&7 DOJRULWPDV 
9LVL '&7,'&7 VNDLþLDYLPR DOJRULWPDL QDXGRMD VODQNDXV NDEOHOLR DULWPHWLNą $SDUDWLQơ WRNLRV 
DULWPHWLNRV UHDOL]DFLMD XåLPD GLGHOƳ OXVWR SORWą VXYDUWRMD GDXJ JDOLRV LU \UD OơWHVQơ SDO\JLQXV VX VYHLNǐMǐ VNDLþLǐ 
DULWPHWLND 'ơO ãLǐ SULHåDVþLǐ SURMHNWXRMDQW DSDUDWLQLXV VNDLþLDYLPR ƳUHQJLQLXV VWHQJLDPDVL LãYHQJWL VODQNDXV 
NDEOHOLR RSHUDFLMǐ %LQ'&7 \UD YLHQDV QDXMDXVLǐ JUHLWRVLRV '&7 LU ,'&7 VNDLþLDYLPR DOJRULWPǐ âLR DOJRULWPR 
SUDQDãXPDV ± JDOLP\Eơ DSVNDLþLXRWL '&7 QHQDXGRMDQW GDXJ\ERV YHLNVPǐ >@ âLV DOJRULWPDV SORNãWXPRV 
SDVXNLPą SDNHLþLD NHOHWX GYLQDULǐ UHLNãPLǐ NXULRV YDGLQDPRV SDNơOLPR åLQJVQLDLV 3DNơOLPR åLQJVQLDL WXUL WRNƳ 
IRUPDWą DE  NXU D \UD VYHLNDVLV VNDLþLXV R E ± QDWǌUDOXVLV 7RNƳ SDNơOLPR åLQJVQƳ QHVXQNX UHDOL]XRWL 
DSDUDWLQơPLV SULHPRQơPLV QDXGRMDQW YLHQ SRVOLQNLR LU VXGơWLHV RSHUDFLMDV $OJRULWPR DXWRULDL VLǌOR WULV JDOLPDV 
SDNơOLPR åLQJVQLǐ NRPELQDFLMDV NXULRV VNLULDVL VDYR WLNVOXPX >@ 
3ULWDLNLXV ãLWRNƳ ÄGDXJ\ERV³ EǌGą /RHIIOHU DOJRULWPXL LU SDVLULQNXV WLQNDPDV SDNơOLPR åLQJVQLǐ 
NRPELQDFLMą JDXQDPDV JUHLWDVLV GYLPDWơV GLVNUHþLRVLRV WUDQVIRUPDFLMRV DOJRULWPDV QDXGRMDQWLV WLN VYHLNǐMǐ 
VNDLþLǐ VXGơWLHV LU SRVWǌPLR RSHUDFLMDV âLR DOJRULWPR VLJQDOǐ SHUGDYLPR JUDIDV SDYDL]GXRWDV 1 SDY  JDOLPRV 
NRQVWDQWǐ YDULDFLMRV SDURG\WRV 1 OHWHOơMH 
/HQWHOơ 1U 1 $OJRULWPR NRQILJǌUDFLMRV >@ 
.RQVWDQWRV $ % & 
S1    
X1    
S  1  
X 1 1 1 
S 1 1 1 
X 1 0 0 
S 1 0 0 
X 111   
S    
.DLS PDW\WL Lã 1 SDY DOJRULWPXL QHUHLNDOLQJDV NRVLQXVR UHLNãPLǐ VNDLþLDYLPDV UHLNãPLǐ OHQWHOơV DU 
NRQVWDQWRV âLV JUDIDV \UD GYLNU\SWLV 7DL UHLãNLD MRJ DWOLHNDQW YHLNVPXV Lã NDLUơV Ƴ GHãLQĊ YHNWRULXV >[@ 
WUDQVIRUPXRMDPDV Ƴ NRVLQXVR NRHILFLHQWXV >;@ WLHVLRJLQơ GLVNUHþLRML NRVLQXVLQơ WUDQVIRUPDFLMD DWOLHNDQW 
YHLNVPXV Lã GHãLQơV Ƴ NDLUĊ NRVLQXVR NRHILFLHQWDL >;@ WUDQVIRUPXRMDPL Ƴ SUDGLQƳ YHNWRULǐ >[@ DWYLUNãWLQơ 
GLVNUHþLRML NRVLQXVLQơ WUDQVIRUPDFLMD >@ 7RNƳ VLJQDOǐ SHUGDYLPR JUDIą SDWRJX UHDOL]XRWL SURJUDPLQơPLV DU 
DSDUDWLQơPLV SULHPRQơPLV 
 
1 SDY ELQ'&7 DOJRULWPR VLJQDOǐ SHUGDYLPR JUDIDV >@ 
 $SDUDWLQơ UHDOL]DFLMD 
'YLPDWĊ '&7 LU ,'&7 JDOLPD DSVNDLþLXRWL DWVNLUDL WDLNDQW YLHQPDWƳ DOJRULWPą [ PDWULFRV HLOXWơPV LU 
VWXOSHOLDPV 7RNLDP ' '&7 VNDLþLDYLPXL UHLNLD UHDOL]XRWL QH WLN SDWƳ VNDLþLDYLPR DOJRULWPą EHW LU SDSLOGRPą 
YDOG\PR ƳUDQJą >@ 
'YLPDWơV '&7,'&7 VNDLþLDYLPR SURFHVRULǐ VXGDUR  EORNDL 9DOG\PR DXWRPDWDV VNDLWOLXNDV 
GXRPHQǐ EXIHULV LU VNDLþLDYLPR ƳUHQJLQ\V 6NDLþLDYLPR ƳUHQJLQ\V DWOLHND YLHQPDWĊ WUDQVIRUPDFLMą  VNDLþLǐ 
HLOXWHL âLV ƳUHQJLQ\V WXUL EHQGULQĊ VąVDMą NXUL WLQNDPD WLHN '&7 WLHN ,'&7 VNDLþLDYLPR DOJRULWPDPV 7DL 
UHLãNLD MRJ DELHP DWYHMDLV NLWXV SURFHVRULDXV EORNXV JDOLPD SDQDXGRWL EH SDNHLWLPǐ 
9DOG\PR DXWRPDWR SHUơMLPDL SULNODXVR QXR HVDPRV EǌVHQRV LU ƳơMLPR VLJQDOǐ 7RNV EǌVHQǐ DXWRPDWDV 
YDGLQDPDV 0LOL DXWRPDWX .LHNYLHQRMH EǌVHQRMH LãGXRGDPL WXR PHWX UHLNDOLQJL YDOG\PR VLJQDODL 'DUEą 
DXWRPDWDV SUDGHGD SUDGLQơMH EǌVHQRMH LU HLQD SHU EǌVHQDV SDJDO SHUơMLPǐ VąO\JDV 6NDLWOLXNDV VNDLþLXRMD QXR 0 
LNL  LU LãGXRGD VLJQDOXV QXR NXULǐ SULNODXVR YDOGDQþLRMR DXWRPDWR SHUơMLPDL 
'XRPHQǐ EXIHULV VDXJR YLHQą [ GXRPHQǐ PDWULFą $WOLNXV WUDQVIRUPDFLMą UH]XOWDWDL \UD ƳUDãRPL Ƴ 
GXRPHQǐ YLHWą WRNLX EǌGX VXPDåLQDW ORJLQLǐ YHQWLOLǐ VNDLþLǐ SURFHVRULXMH 9DOG\PR DXWRPDWDV LU VNDLWOLXNDV 
YDOGR GXRPHQǐ VUDXWXV WDUS GXRPHQǐ EXIHULR LU VNDLþLDYLPR ƳUHQJLQLR EHL SURFHVRULDXV LãRUơV 3URFHVRULDXV 
DSDUDWLQLV DSUDãDV UHDOL]XRWDV 9+'/ SURMHNWDYLPR NDOED 0ǌVǐ UHDOL]XRWR SURFHVRULDXV EORNLQơ GLDJUDPD 
SDYDL]GXRWD  SDY 
 
 SDY 6NDLþLDYLPR SURFHVRULDXV EORNLQơ GLDJUDPD 
 0RGHOLDYLPR UH]XOWDWDL 
6NDLþLXRMDQW NRGDYLPR NRN\EĊ QDXGRMDPDV PDNVLPDOXV VLJQDOR LU WULXNãPR VDQW\NLV 3HDN 6LJQDO WR 
1RLVH 5DWLR ± 3615 -LV OHQJYLDXVLDL DSUDãRPDV YLGXWLQLX NYDGUDWLQLX QXRNU\SLX 0HDQ 6TXDUH (UURU ± 06( 
NXULV GYLHPV YLHQVSDOYLDPV YDL]GDPV , LU . NXU YLHQDV YDL]GDV \UD NLWR DSURNVLPDFLMD VX WULXNãPX DSUDãRPDV  
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1010ORJ   
NXU 0$;, \UD PDNVLPDOL JDOLPD YDL]GR WDãNR UHLNãPơ -HL YDL]GR WDãNDL NRGXRMDPL  ELWDLV ãL UHLNãPơ \UD  'DåQLDXVLDL VXVSDXVWLHPV YDL]GDPV 3615 UHLNãPơV \UD DSLH 0 ± 0 GHFLEHOǐ G% 'LGHVQLV 3615 
VDQW\NLV UHLãNLD JHUHVQĊ NRN\EĊ  
$WOLNXV PDWHPDWLQƳ PRGHOLDYLPą VX YLVRPLV WULPLV DOJRULWPǐ YHUVLMRPLV DSVNDLþLXRWDV NLHNYLHQR ƳQHãDPDV 
3615 5H]XOWDWDL NDUWX VX DOJRULWPǐ PDWHPDWLQLǐ RSHUDFLMǐ VNDLþLDXV SDO\JLQLPX SDWHLNWDV  OHQWHOơMH 
$SDUDWLQHL UHDOL]DFLMDL SDVLULQNWDV & DOJRULWPR YDULDQWDV âLV WXUL PDåLDXVLą PDWHPDWLQLǐ RSHUDFLMǐ VNDLþLǐ LU 





/HQWHOơ 1U  0RGHOLDYLPR UH]XOWDWDL 
9HUVLMD 6XGơW\V 3RVWǌPLDL 3615 
$  1  
% 1 1  
& 0 1  
$SDUDWLQLR PRGHOLR WHVWDYLPXL SDVLULQNWL WU\V 1[1 WDãNǐ G\GåLR PRQRFKURPDWLQLDL SDYHLNVOơOLDL 
.LHNYLHQDV SDYHLNVOơOLV EXYR XåNRGXRWDV LU DWNRGXRWDV QDXGRMDQW 9+'/ NDOED DSUDã\Wą SURFHVRULDXV PRGHOƳ 
.LHNYLHQX DWYHMX SDVNDLþLXRMDPDV PDNVLPDOXV VLJQDOR LU WULXNãPR VDQW\NLV O\JLQDQW VX RULJLQDOLX SDYHLNVOơOLX 
6NDLþLDYLPR UH]XOWDWDL SDWLHNWL  OHQWHOơMH  





1RUV ãLV DOJRULWPDV QHWLQNDPDV NRN\EơV QHSUDUDQGDQþLDP NRGDYLPXL NRN\EH MLV QHQXVLOHLGåLD NLWLHPV 
JUHLWLHVLHPV '&7 DOJRULWPDPV QDXGRMDPLHPV GDXJXPRMH ãLDQGLHQLQLǐ ƳUHQJLQLǐ .DGDQJL DOJRULWPH 
QHQDXGRMDPRV NRQVWDQWRV LU GDXJ\ERV RSHUDFLMRV ãLV DOJRULWPDV LWLQ WDXSXV JDOLDL LU XåLPD ODEDL PDåDL OXVWR 
SORWR WDLS SDW \UD LWLQ JUHLWDV $WOLNXV WHVWDYLPą ;LOLQ[ 6SDUWDQ $100 )3*$ PDWULFRMH JDXWDV 01 : JDOLRV 
VXYDUWRMLPDV EHL PDNVLPDOXV 0K] GDåQLV NXULV OHLGåLD DSGRURWL DSLH 0 1[1 YDL]GR WDãNǐ WXULQþLǐ 
YDL]Gǐ SHU VHNXQGĊ âLWRNV '&7,'&7 SURFHVRULXV JDOL SDVLHNWL JUHLWDYHLNą UHLNDOLQJą +' YLGHR LQIRUPDFLMRV 
DSGRURMLPXL 
 ,ãYDGRV 
6WUDLSVQ\MH DSUDãơPH DSDUDWLQĊ %LQ'&7 DOJRULWPX SDUHPWą GYLPDWơV NRVLQXVLQơV WUDQVIRUPDFLMRV 
VFKHPą %LQ'&7 ± YLHQDV QDXMDXVLǐ LU JUHLþLDXVLǐ VSDUþLǐMǐ '&7 DOJRULWPǐ WDLS SDW UHLNDODXMDQWLV PDåLDXVLDL 
PDWHPDWLQLǐ RSHUDFLMǐ 6XNXUWD VFKHPD DWOLHND GYLPDWƳ '&7 NRGDYLPą SDQDXGRMD YLHQPDWơV '&7 DOJRULWPą 
HIHNW\YLX HLOXþLǐVWXOSHOLǐ PHWRGX âLV NRGHNDV WLQNDPDV åHPRV UDLãNRV YDL]Gǐ NRGDYLPXL LU DSGRURMLPXL 
GLGHOLDLV JUHLþLDLV LU WXUơWǐ DWLWLNWL DWHLW\MH SULHWDLVDPV NHOLDPXV JDOLRV EHL JUHLWDYHLNRV UHLNDODYLPXV 
/LWHUDWǌURV VąUDãDV 
>1@ 1DUDVLPKD 0 - 3HWHUVRQ $ 0 2Q WKH FRPSXWDWLRQ RI WKH GLVFUHWH FRVLQH WUDQVIRUP  ,((( 7UDQV 
&RPPXQ   1 ± 3 ± 
>@ /RHIIOHU & /LJKWHQEHUJ $ 0RVFK\W] * 6 3UDFWLFDO IDVW 1' '&7 DOJRULWKPV ZLWK 11 0XOWLSOLFDWLRQV 
 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO &RQIHUHQFH RQ $FRXVWLFV 6SHHFK DQG 6LJQDO 3URFHVVLQJ ,&$663 
¶ 1 ± 3 ±1 
>@ /LDQJ - 7UDQ 7' )DVW 0XOWLSOLHUOHVV $SSUR[LPDWLRQV RI WKH '&7 :LWK WKH /LIWLQJ 6FKHPH  ,((( 
7UDQV 2Q 6LJQDO 3URFHVVLQJ  1 001 ± 3 0±0 
>@ 7UDQ 7 ' 7KH %LQ'&7 IDVW PXOWLSOLHUOHVV DSSUR[LPDWLRQ RI WKH '&7 ,((( 6LJQDO 3URFHVVLQJ 
/HWWHUV YRO  QR  SS 111 MXQ 000 
>@ $XJXVW 1 - 'RQJ 6DP +D  /RZ 3RZHU 'HVLJQ RI '&7 DQG ,'&7 IRU /RZ %LW 5DWH 9LGHR &RGHFV  
,((( WUDQVDFWLRQV RQ PXOWLPHGLD YRO  1R  -XQH 00 ± 3 1± 
$ %LQ'&7 DOJRULWKPEDVHG ' '&7 DQG ,'&7 KDUGZDUH DUFKLWHFWXUH 
,Q WKLV DUWLFOH ZH SURSRVH D ' '&7 DQG ,'&7 FRGHF DUFKLWHFWXUH EDVHG RQ WKH %LQ'&7 DOJRULWKP 7KLV 
FRGHF LV XVHG WR FDOFXODWH D IXOO ' FRGLQJ DQG GHFRGLQJ XWLOL]LQJ D URZFROXPQ 1' '&7 DSSURDFK  
7KH %LQ'&7 DOJRULWKP LV RQH RI WKH QHZHVW DQG PRVW HIIHFWLYH IDVW '&7 DOJRULWKP FDOFXODWLQJ WKH '&7 
ZLWKRXW WKH XVH RI PXOWLSOLFDWLRQV RU FRQVWDQWV 7KH FRGHF LV FDSDEOH RI PHHWLQJ WKH VSHHG DQG SRZHU 
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